porting the hypothesis that the reported reproductive abnormalities maybe slasedi so the-tnode-;ion ofedcin-eae r_soss Th fining htobntion ofcem l demonstae petition binding~~~~~~a ssa-aeunov. Thissuget htitrcin ftoeceiaswt h enocin sytemr :compalex Ai seidealgtr DDT, environmentaestrogens, estrgen reetrpest icides, progesterone recptor. EnvsirronHealhPmpect 104:1318-1322 (1996) ... A major pesticide spill in 1980, composed mainly of synthetic chemicals including the pesticides DDT and dicofol, coincided with a decline in the population ofjuvenile alligators from Florida's Lake Apopka (1) . Hatch rates of alligator eggs from this lake were markedly reduced and the reproductive tract morphology and hormone levels of surviving juvenile alligators were seriously disrupted. Morphological effects were characterized by poorly organized testes and abnormally small phalli in juvenile males and large numbers of polyovular follicles and multinucleated oocytes in females (2, 3) . Prenatal exposure of the Lake Apopka alligators to environmental chemicals functioning as hormones has been proposed as the mechanism behind the loss of viability of the alligator eggs and the reproductive abnormalities seen in the juvenile alligators (2) .
It has been suggested that the abnormalities observed in these alligators are similar to those reported following embryonic exposure to the potent synthetic estrogen diethylstilbestrol (DES) (4) . Prenatal exposure to DES in both humans and experimental animals has been associated with an array of reproductive abnormalities (5, 6) . Effects of embryonic exposure to DES in female mice include vaginal clear-cell carcinoma, reproductive dysfunction, and abnormalities of the uterus and oviducts (7-10), whereas male mice exhibited testicular abnormalities and feminization of reproductive organs (11) . DES exposure has also been shown to have estrogenic effects in nonmammalian species. In chick embryos, DES has been shown to induce expression of the estrogen-responsive gene ovalbumin and promote morphogenesis in the embryonic Mullerian ducts (12) . Since alligators are also a nonmammalian organism, the results with DES in chick embryos suggest that synthetic estrogens may also function in alligators. It has been demonstrated that numerous synthetic chemicals, in addition to DES, can have hormonelike activity in whole animal studies and in vitro assays (13) . Alligator eggs collected from Lake Apopka contained measurable concentrations of 2,2-bis(4-chlorophenyl)-1,1-dichloroethylene (p,p'-DDE), 2,2-bis(4-chloropenyl)-N-(methoxymethyl)acetamide (p,p'-DDD), trans-and cis-nonachlor, polchlorinated biphenyls, dieldrin, toxaphene, and chlordane (14) . p,p'-DDD and cis-and transnonachlor have estrogenic activity in MCF-7 human breast cancer cells (15) . p,p' DDE has been shown to be an antiandrogen in the rat (16) . Toxaphene and dieldrin, but not chlordane, stimulated the proliferation of MCF-7 cells in the E-SCREEN assay (17) .
We have previously identified receptors for 17,-estradiol and progesterone in the alligator oviduct (18 To prepare a protein extract for estrogen-binding assays, frozen oviductal tissue from adult female alligators (Alligator mississippiensis) captured from several lakes in central Florida was thawed on ice and placed into homogenization buffer (20 mM Tris, pH 7.4, 1 mM EDTA, 1 mM EGTA, 1 mM NaVO4, 10 mM NaPO4, 50 mM NaF, 10% glycerol, 0.5 mM phenylmethylsulfonyl fluoride, 0.2 mM leupeptin, 2 mg/ml pepstatin, and 50 pl/ml aprotin). The tissue was minced by a Polytron homogenizer and centrifuged at 4,000 rpm for 10 min at 40C. The supernatant was collected and brought to 400 mM with KCl and incubated at 40C for 15 min. The supernatant was centrifuged at 15,000 rpm for 10 minutes at 40C and the protein extract was flash frozen on dry ice. Fig. IA) . o,p'-DDT, one of the first chemicals identified with estrogenic activity, had an IC50 of 9.1 pM. The IC50 for o,p'-DDT was approximately 1,000-fold higher than the IC50 for estradiol, which is consistent with previous competition binding assays using rodent and human ER (19, 20 (Fig. 3A) (Fig. 3B) 
Discussion
We have demonstrated that the aER and aPR prepared from the oviduct of the American alligator were capable of recognizing environmental chemicals, some of which have been reported to have estrogenic activity in whole animal studies or in vitro assays (15) . Mixtures of DDT metabolites reduced estradiol binding to aER in an additive fashion, whereas combinations of chemicals identified in Lake Apopka inhibited binding in a greater than additive manner. Some chemicals that bound the aER also interacted with the aPR.
One of the earliest examples of environmental chemicals having estrogenic activity was DDT, which was banned from use in the United States in 1972 (22) (23) (24) . Many top-level predators such as alligators have been reported to contain high concentrations of DDT metabolites in their bodies (25) . DDT and several of its metabolites have been shown to be estrogenic in rodents and human mammary carcinoma cells (17, 22, 23, 26) . The ability of DDT to interact with the aER suggests that it may also have estrogenic effects in alligators. The ability of the aER to recognize DDT and its metabolites indicates the need for future research to determine if these are active in estrogen-sensitive tissues of the alligator.
Modern-use chemicals, including alachlor, trans-nonachlor, and cisnonachlor, are some of the most effective chemicals at displacing [3H] 170-estradiol from the aER, as shown in Table 1 . Atrazine and cyanazine also displaced
[3H]17p-estradiol from the aER. Atrazine and cyanazine have been shown not to possess estrogenic or antiestrogenic activity in the rodent or with the human ER (hER) using in vitro assays (17, (27) (28) (29) . These data suggest the potential for differential binding of environmental chemicals with the ER from various species.
Volume 104, Number 12, December 1996 * Environmental Health PerspectivesSince alligator eggs from Lake Apopka contained numerous environmental chemicals (14) , we wanted to assess the ability of these chemicals, in the combinations and concentrations found in the eggs, to interact with the aER. Our results suggest that combinations of the chemicals identified in the alligator eggs can inhibit binding of [3H] 17fB-estradiol by 60% at environmental concentrations (see Fig. 3B ). Moreover 
